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Acenaphthene 111. Coupling Reactions. The Preparation of 4,4 ’-Dinaphthalic 
Anhydride and 4’, 1-Naphthylnaphthalic Anhydride’ 

LOUIS A. J O N E S ~  AND RONALD WATSON 
Department of Chemistry, North Carolina State University, Raleigh, N.C. 27607 

Received October 31, 1972 

The syntheses of the previously unknown 4,4’-dinaphthalic anhydride (4) and 4’, I-naphthylnaphthalic 
anhydride (5 )  is reported. The vinylic bromination of 5-(1,-3,4-dihydronaphthyI)acenaphthene (11) is also 
described. 

On dCcrit la synthese des anhydrides dinaphtalique-4,4’(4) et (naphtyl-l)-4 naphtalique (5) inconnus 
jusqu’a maintenant. On rapporte aussi les resultats obtenus lors de la bromination vinylique du (dihydro-3,4 
naphtyl- 1 )-5 acenaphtene (11). 

Can. J. Chern.. 51. 1833 (1973) 

Recent investigations (1, 2) have resulted in 
the preparation of 4,5-diaminonaphthalic an- 
hydride (1) and 3,4-diaminonaphthalic anhydride 
(2). As part of a continuing study in the chemistry 
of acenaphthene (3) and its derivatives, we now 
report the syntheses of 4,4’-dinaphthalic an- 
hydride (4) and 4’, I-naphthylnaphthalic an- 
hydride (5). 
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Thallium bromide (1) has been used as a 
reagent for the syntheses of biaryls from aromatic 
Grignard reagents (3). Consequently, 5-acen- 
aphthyl magnesium bromide, prepared from 
5-bromoacenaphthene (4), was treated with thal- 
lium bromide to give 5,5’-diacenaphthene (6) in 
low yield. Alternatively it was found that the 
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[Traduit par le Journal] 

same product could be obtained in far better 
yield by utilizing the coupling technique of 
Kharasch and Fields (5) in which cobalt chloride 
is used as a catalyst. The fact that coupling has 
indeed taken place in the peri-position was 
established from consideration of its n.m.r. spec- 
trum. The bridgehead protons gave a sharp 
singlet at T 6.57 as did the aromatic protons 6,6‘, 
7,7’, and 8,8’ at z 2.74. The remaining protons 
exhibited an AB quartet with a J value of 7.3 Hz. 
Oxidation to the dianhydride 4 was achieved by 
treatment of the product with sodium dichromate 
in glacial acetic acid. 

Garvey and his co-workers (6)  have previously 
reported the synthesis of 5,5‘-diacenaphthene by 
a different procedure, but no experimental details 
or spectral data were given. 

When the dimer 6 was treated with 2,3- 
dichloro-5,6-dicyano- 1 ,Cbenzoquinone (DDQ) 
dehydrogenation took place to give 5,5’-di- 
acenaphthylene (7) which readily consumed 2 
mol of bromine to give the tetrabromo-compound 
8. Also, oxidation with sodium dichromate again 
gave the dianhydride 4. 

When the Grignard reagent from 5-bromo- 
acenaphthene was treated with a-tetralone in 
tetrahydrofuran, the expected coupled product 9 
was only obtained in low yield. Rather, we 
obtained acenaphthene and the aldol condensa- 
tion product 10 of a-tetralone which was identi- 
fied by its elemental analysis and by preparation 
of its 2,4-dinitrophenylhydrazone. This same 
product has previously been isolated (7) from the 
reaction of a-tetralone with cyclohexyl magnes- 
ium bromide. Consequently, treatment of a- 
tetralone with 5-lithio-acenaphthene (from 5- 
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The possibility of introducing a bromine atom 
in the 3'-position of the system 11 and then de- 
hydrobronlination as an alternate route to 
naphthyl acenaphthene (12) led us to attempt 
allylic bromination utilizing N-bromosuccin- 
imide (NBS) in carbon tetrachloride as the 

9 10 brominating media (9). This resulted in an in- 
separable mixture of isomers. When dimethyl- 
formamide (DMF) was used as solvent, the 

%OH & \ / 

\ 

bromo acenaphthene and n-butyl-lithium) re- 
suited in the isolation of the hydroxy compound reaction proceeded smoothly to give a good yield 

however, did not appear to be the required 
allylically brominated system 15 since it gave no 
precipitate with alcoholic silver nitrate at room 
temperature. Consideration of its n.m.r. spec- 
trum revealed that bromination had in fact 
taken place in the vinyl-2'-position to give ,-om- 

9 in far better yield. Dehydration to 5-(1,-3,4- of a mono-brominated product. This product, dihydronaphthyl)acenaphthene (11) was readily 
effected by treatment with polyphosphoric acid' 
This product was subsequently dehydrogenated 
by looh palladium-on-charcoal to 5'?1-naphthy1- 
acenaphthene (12) Or by DDQ which gave " 9 ' -  

naphthylacenaphthylene acenaphthylene (13)' 
Treatment Of colnpound l2 Or l3 with 
sodium dichromate in glacial acetic acid resulted 

hydride (5). 

pound 16, the main feature of the spectrum being 
the disappearance of the triplet at '5 4.0 in the 

for the 3' and 4'-protons. The structure has been 
unambiguously confirmed by a single crystal 
X-ray analysis ( 1  0). 

in Oxidation to 4'3 '-naphthylnaphthalic an- starting material and the appearance of a singlet 

Br 11 12 13 

Br Nitration of this anhydride resulted in the 
isolation of a yellow solid. Consideration of its 
elemental analysis and mass spectrum indicated 

15 16 

Although rare, instances of vinylic bromina- 

bromination of a-methylstyrene with N BS in 

the presence of two nitro-groups. the 
Positions Of these nitro-grouPs have not as Yet 

(8) in this laboratory has shown that, in the 
,I'-binaPhthy1 the peri- 

tion in NBS reactions are not altogether unique 
(1 1, 12). Pines and his co-workers (13) found that 

carbon tetrachloride gave, as well as the expected 
2-phenylallyl bromide (IT), 1 -methyl-] -phenyl- 

study, Roberts and Trumbell (14) found that the 

been unambiguously assigned, previous experi- 

case of nitration Of 

positions are more susceptible to nitration. Con- vinyl bromide (18), in  a ratio of 3:  1. I n  an 

has the structure 14. Further, its n.m.r. spectrum reaction of camphene with NBS in carbon tetra- 
exhibits two aromatic multiplets in the ratio of &loride gave a 35x yield of mono-brominated 
4:6 which is the pattern one would expect for 

Ph this structure. \ '\ 

sequently we propose that this dinitro-compound 

Ph 

CH2Br /C=CH2 CH3 /C=CHBr 

NO2 NO2 

14 

17 18 

products, of which 65% proved to be the vinylic 
substituted product 8-bromocamphene. In each 
case a free radical mechanism is proposed. 

In  our hands, the reaction of a-methylstyrene 
with NBS in DMF gave 56% of mono-bromin- 
ated products. From g.1.c. studies of the crude 
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mixture and the pure isomers it was shown that 
the mixture consisted of 80% of 17 and 29% of 
18. The same proportions were obtained from 
consideration of the n.m.r. spectra of both the 
crude mixture and the pure compounds. It had 
previously been reported (9b) that NBS was 
inactive towards styrene and that no mono- 
brominated products were obtained. However, 
reaction of styrene with NBS in DMF as the 
solvent was found to produce a 30% yield of 
dibromostyrene. This would seem to indicate, 
therefore, that in DMF the addition of bromine 
to the double bond takes preference over sub- 
stitution, although in the case of cl-methylstyrene, 
no dibromo-substituted products were detected. 
This was confirmed by the fact that when the 
reaction of compound 11 with NBS in DMF was 
carried out in the dark, the same product, 16, 
was obtained in identical yield as had been ob- 
tained previously. Further, addition of bromine 
to the dihydro system 11 again gave the vinylic 
brominated product 16, also in the same yield. 
The mechanism for the formation of 16 there- 
fore, evidently involves an initial addition of 
bromine to the double bond to form a dibromo- 
intermediate, which then spontaneously dehydro- 
brominates to give the product 16. 

This is consistent with the findings of Horner 
and Winkelmann ( 9 4  that with increasing 
polarity of the solvent used in the bromination 
reaction of N BS the allylic bromination activity 
disappears and the addition of bromine to the 
double bond becomes the main reaction. 

Experimental3 
53'- Diacenaphthene (6 )  

5-Bromoacenaphthene (10.0 g) in anhydrous tetra- 
hydrofuran (100 ml) was added to magnesium turnings 
(1.98 g) in tetrahydrofuran (100 ml) and the mixture 
heated to reflux under nitrogen for 16 h. The resulting 
solution of 5-acenaphthyl magnesium bromide was added 
to 5-bromoacenaphthene (10.08 g) and anhydrous cobalt 
chloride (9.5 g) in anhydrous tetrahydrofuran (100 ml) 
and the mixture heated to reflux for a further 16 h. The 
mixture was then poured on ice, acidifiea (diluted HCI), 
and extracted with methylene chloride. The organic layer 
was separated, washed, dried, and evaporated to leave a 

3Melting points were determined on a Thomas-Hoover 
capillary melting point apparatus and elemental analyses 
performed by Galbraith Laboratories, Inc., Knoxville, 
Tennessee. 1.r. spectra were measured on a Beckman 
1.R.-33 i.r. spectrophotometer and n.m.r. spectra were 
obtained from a Varian HA-100 spectrometer. 
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brown semi-solid which was chromatographed on alumi- 
na. Elution with hexane gave unreacted bromoacenaph- 
thene and some acenaphthene followed by the product 6 
(3.2 g, 49%) which was recrystallized from methylene 
chloride - hexane to give pale yellow needles, m.p. 176- 
178", vcZc 1610 cm-I (Nujol); T (CDC13) 2.46-2.72 
(4H, AB quartet, J = 7.3 Hz, Ar), 2.74 (6H, s, Ar), and 
6.57 (8H, s, CH,). 

Anal. Calcd. for CZ4H,8 : C, 94.1 ; H, 5.8. Found: C, 
94.2; H, 5.9. 

4,4-Dinaphthalic Anhydride ( 4 )  
Diacenaphthene (3.3 g), sodium dichromate (27 g), and 

glacial acetic acid ( 5 0 0  ml) were refluxed overnight, 
cooled, and added to  water (600 ml). The precipitated 
solid was collected and recrystallized from dimethyl- 
formarnide to give 4 (3.2 g, 71%) as a yellow amorphous 
solid m.p. 362" (dec.), v,,, (Nujol) 1780, 1730 (C=O) 
and 1595 cm-' (C=C). 

Anal. Calcd. for CZ4HI0O6: C,  73.10; H, 3.45%. 
Found: C, 72.85; H, 3.15. 

5,s'-Diacenaphthylene (7) 
Diacenaphthene (1.73 g), DDQ (3.12 g), and benzene 

(40 ml) were heated at reflux overnight; the mixture was 
cooled, diluted with hexane (200 ml) and the hydroquin- 
one, which had formed during the reaction, was removed 
by filtration. The filtrate was chromatographed on 
alumina. Hexane eluted 7 (1.17 g, 7O0A, yellow plates, 
m.p. 164-165% (from ethanol), T (CDC13) 2.34-2.76 
(IOH, m, Ar), and 3.02 (4H, s, methine). 

Anal. Calcd. for CZ4HI4:C, 95.35; H, 4.65. Found: 
C, 95.25; H, 4.5. 

I ,  I ',2,2'- Tetrabrorn0-.5,5'-diacenaphihene ( 8 )  
To diacenaphthylene (1.5 g) in hexane (130 ml), a 

solution of bromine (1.6 g) in hexane (20 ml) was added 
dropwise and the mixture stirred for 8 h at  20%. The 
mixture was concentrated and the precipitated solid 
separated by filtration and recrystallized to give 8 (1.64 g, 
50%), as a yellow amorphous solid, m.p. 218-219" (dec.) 
(from benzene). 

Anal. Calcd. for C24H,4Br4: C, 46.3; H, 2.25; Br, 
51.45. Found: C ,  46.45; H, 2.10; Br, 51.35. 

Reaction of 5-Acenaphthyl Magnesium Bromide 
with a-Tetralone 

A solution of u-tetralone (6 g) in anhydrous tetra- 
hydrofuran (50 ml) was added to the Grignard solution 
obtained from 5-bromoacenaphthene (10 g), magnesium 
turnings (1 .OS g), and anhydrous tetrahydrofuran (100 
ml) and the mixture refluxed under nitrogen for 3 days; 
it was then poured onto ice, acidified (dilute HCI), and 
extracted with methylene chloride. The extract was 
washed (NaHC03 then water) and dried (Na,S04), to 
give a residue which was chromatographed on Florisil. 
Hexane eluted acenaphthene (3 g, 45%) and further elu- 
tion with ether gave a brown gum. Trituration of this gum 
with ether gave 10 (1.9 g, 32%), pale yellow crystals, m.p. 
132-133" (from methylene chloride - hexane) (lit. (7) m.p. 
132-133"). Evaporation of the filtrate gave the required 
product 9 (2.5 g, 19%) as a pale brown amorphous solid, 
m.p. 112-114" (from methylene chloride - hexane), v,,, 
(Nujol) 3450 (OH), 1612 cm-'  (C=C). 

Anal. Calcd. for C ,  88.0; H, 6.65. Found: C ,  88.25; 
H, 6.5. 
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l-Hydroxy-l,2,3,4-tetrahydro-5',l-naphthyl- 
acenaphthene (9) 

5-Bromoacenaphthene (50 g) in ether (300 ml) and a 
hexane solution of n-butyl-lithium were mixed at  20" and 
stirred at this temperature under nitrogen for 20 min. 
a-Tetralone (31 g) in ether (150 ml) was then added and 
the mixture was stirred for a further 15 h at 20". The 
mixture was then poured onto ice and acidified (dilute 
HCI). The ether layer was separated off, washed, dried, 
and evaporated to  leave a light brown semi-solid. This 
was triturated with hexane and the residue crystallized 
from methylene chloride- hexane. The product 9 (40 g 
63%) formed a fawn-colored semi-crystalline solid, m.p. 
112-114". 

5-( 1,-3,4- Dihydronaphthyf)acenuphthene (I 1) 
The preceding product (30 g) was added with stirring 

to  polyphosphoric acid (500 g) and the mixture was 
stirred at 6 0  for 5 h; it was then poured into ice-cold 
water (1000ml) and extracted with ether. The extract 
was washed with aqueous sodium bicarbonate solution 
and then with water, dried (Na,SO,), and evaporated. 
The dehydrated product 11 (27 g, 95%) formed light 
brown crystals, m.p. 112" (from methylene chloride - 
hexane), vCzc (Nujol) 1595 and 1610 cm- ' ;  T (CDC13) 
2.64-3.50 (9H, m, Ar), 4.0 (IH, t, 2'-H), 6.76 (4H, s, I-H 
and 2-H), 7.04-7.32 (2H, m, CH,), and 7.5-7.8 (2H, m, 

Anal. Calcd. for C2,HI8: C, 93.6; H, 6.4. Found: C, 
CH,). 

93.4; H, 6.2. 

5',I-Nnphthylucenaphthene (12) 
Thedihydro-compound 11 (16.5 g) and 10% palladium- 

on-charcoal (5 g) in a-methylnaphthalene (250 ml) were 
heated to reflux under nitrogen for 25 h; the mixture was 
cooled, filtered, the &methylnaphthalene distilled off 
under reduced pressure, and the residue chromatographed 
on alumina. Hexane-benzene (1 : 1) eluted the product 
(14.5 g, 89%) as pale yellow crystals, m.p. 103-104" (from 
hexane), T (CDCI,) 2.02-2.84 (12H, m, Ar), and 6.59 
(4H, s, I-H and 2-H). 

Anal. Calcd. for CZ2Hl6: C, 94.3; H, 5.7. Found: C, 
94.1; H, 5.8. 

5', I-Naphthyfucenuphthy/ene (13) 
The dihydro-compound 11 (22 g). DDQ (37 g), and 

benzene (300ml) were heated to reflux overnight and 
then worked-up as for diacenaphthylene. The dehydro- 
genated product (12 g, 55%) afforded yellow crystals, 
m.p. 112-114" (from ethanol), T (CDCI,) 2.1-2.9 (12H, 
m, Ar), and 3.0 (2H, s, 1-H and 2-H). 

Anal. Calcd. for C2,HI4: C, 94.95; H, 5.05. Found: 
C, 94.7; H, 5.1. 

4', I-Naphthylnuphthalic Anhydride (5) 
The preceding product (1 1.7 g), sodium dichromate 

(40 g) and glacial acetic acid (500 ml) were heated to  
reflux overnight, cooled, and added to  water (IO00 ml). 
The precipitated solid was collected and recrystallized to  
give 5 ( I O  g, 74%) as dark yellow crystals, m.p. 250-252" 
(from aqueous acetic acid), vco (Nujol) 1770, 1730 
cm-'; T (CDC13) 1.24-1.47 (2H, m, Ar), and 1.95-2.84 
(IOH, rn, Ar). 

Anal. Calcd. for C2,Hl2O3: C, 81.5; H, 3.75. Found: 
C, 81.25; H, 3.75. 

Nitration of 4',1-Nuphthylnaphthalic Anhydride 
To a stirred solution of compound 5 (1.4 g) in methyl- 

ene dichloride (150 ml), 90% nitric acid (15 ml) was added 
dropwise and the mixture heated to reflux for 60 h; it was 
then poured into water (300 ml), the organic layer 
separated, washed (NaHCO,, then water), dried (MgSO,), 
and evaporated to give a pale yellow solid. This was dis- 
solved in methylene dichloride and addition of hexane 
gave the product 14 (0.6 g, 32%) as an amorphous yellow 
solid, (m/e  413) m.p. 2 8 0  (dec.) (from acetic acid), v,,, 
(Nujol) 1775, 1730 vcz0, 1530, and 1355 cm-' (NO,); 
T ((CD3),SO) 1 . I  5-1.56 (4H, m, Ar), and 1.69-2.26 (6H, 
m, Ar). 

Anal. Calcd. for C 2 2 H I O N Z 0 7 :  C, 63.75, H, 2.4; N, 
6.75. Found: C, 63.75; H, 2.3; N, 6.65. 

2-Bromo-3,4-dihydro-5',l-naphthylucenaphthene (16) 
(a) To compound 11 (3 g) in dimethylformamide 

(100 ml) a solution of NBS (1.89 g) also in dimethyl- 
formamide (50 ml) was added and the mixture stirred 
overnight at  20"; it was then poured into water (700 ml) 
and extracted with ether. The extract was washed with 
water, dried (MgS04), and evaporated to  give a pale 
yellow gum which was chromatographed on Flor id .  
Hexane eluted the product 16 (2 g, 55%), which gave 
yellow crystals, m.p. 150-1 52" (from methylene chloride - 
hexane), vc=c (Nujol) 1604, 1585 cm-I; T (CDCM 
2.68-3.66 (9H, m, Ar), 6.74 (4H, s, I-H and 2-H), and 
7.07 (4H, s, 3'-H and 4'-H). 

Anal. Calcd. for C2,HI7Br: C, 73.15; H, 4.7; Br, 22.15. 
Found: C, 72.95; H, 4.5; Br, 22.3. 

( b )  To compound 11 (6 g) in carbon tetrachloride 
(100 ml) a solution of bromine (3.5 g) in carbon tetra- 
chloride (20 ml) was added dropwise and the mixture 
stirred at room temperature for 30 min; evaporation of 
the solvent gave 16 (4.3 g, 56%) as light brown crystals, 
m.p. 150-152" (from methylene chloride - hexane). 

Styrene with N-Bromo Succinimide 
A solution of NBS (50 g) in dimethylformamide (80 

ml) was added to  styrene (100 ml) in dimethylformamide 
(20 ml). After the initial exothermic reaction had sub- 
sided, the mixture was stirred overnight at 20". The 
solvent and excess styrene were removed under reduced 
pressure and the residue chromatographed on silicic 
acid. Hexane eluted dibromostyrene (21.3 g, 30%) as 
white needles m.p. 70-72" (lit. (15) 72-73") (from aqueous 
ethanol). 

a-Methylstyrene with N-Bromosuccinimide 
A solution of NBS (100 g) in dimethylformamide 

(250 ml) was added to a-methylstyrene (200 ml). After 
the initial exothermic reaction had subsided the mixture 
was stirred overnight at  room temperature, poured into 
water, and extracted with methylene chloride. The extract 
was washed with water, dried (MgSO,), and evaporated 
to give a dark brown liquid. Excess a-methylstyrene was 
removed under reduced pressure and vacuum distillation 
of the residue gave the mono-brominated products (61.6 
g, 56%), b.p. 95-105"/11 mm, a yellow liquid containing 
a mixture of isomers. The mixture (13 g) was chromato- 
graphed on silicic acid and eluted with hexane. The first 
fractions were composed of pure I-methyl-l-phenyl- 
vinyl bromide (18) while the end fractions were composed 

i 
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The synthesis and proof of s i r i i r t i i r c  n! .!.,?'.5.5'- 
1 c I r J n i t I o - 1 . 1 ' - 5 in  3 p h t  h y I is d c s c r i bc  d . 
-. . ~- ..~-. . -._I_ 

Previous coriimtlniCnfions froin th i s  lnbsratory have de- 
scribed the ni:: .i!idn products of acennphthene and the 
subs e q u e n 1 c o r i  V tl r s i o n to d i n m i n 0 n n p h t h ;i I i c an h y d r i d e s or 
deriva!ives tkcrl.of (70. 7 7 ) .  A s  an extension of these 
sttidics. the nitrn:iori of binaptithyl (Compound 1) was ox- 
arii5iwd since i t  cii:fc:ed trom nccmnptitticno in that the 
8-po:;i[~..i:i of tIw n;\ptitli;\loiio riioit.ly was av;lilnblo for 
substitt.r!ion. w l ~ c r c n s  the corresponding position in aco- 
naph:hciie W A S  no:. Lossen reported in 1867 that the di- 
rect r?i!r.it,on of conipoiind 1 with fumlrig nitric acid re- 
sul!cd in a product ivhohc? empirical forrmula was CzoHlo- 
(NO:)4 ;ii::ic>uGIi 110 slructtir;il assqnrncnt was reportc?d 
(75). h l i l j  r i ! : r s i t w i  of coriipoirrid 1 h n s  bccn roportcd to 
yipid t!ir: 4 .~ ' -d2n i t ro  derivative (Compound 2)  (19) .  In 
view of the pziucity of information concerning this nitra- 

occnrred \.:hi!e !!x G:Z of iefiunirig soivents such as ni- 
trobenzene. ethylene glycol. and butyl cellosolve for long 
periods of t ime resulted in the recovery of unreacted Com- 
pound 5. The literature contains a few examples of the 
use of highly polar aprotic solvents to obtaln fair yierds of 
coupled benzene products via the Ullman reaction ( 7 ,  
73). However, when Compound 5 was refluxed for 24 hr 
with activated copper (2  7) in distilled h'.N-dimclhylforma- 
mido (DMT) .  fil:ored. and the mixture then quf:nchCd 
with water. a red precipitate was obtained. Elemental 
analysis indicated an empirical formula of C , 1 H l l N 3 0 4  
while tho mass spectrum ShG'wed a molecular i G n  of 261. 
The nmr contained a singlet in the aliphatic region at 6 
3.0 which integrated to six protons, and the data are con- 
s i s ! c j  n ! ? - ?!. A! -d i me ; h y I ;1 i ~ i  iiio -4.5 -din I 1 r o n s p h 1 ha I c' ne 
(Compound 9) which was obtained in 89% yield. I t  IS in- 
teresting to note. however. that w h e n  l -bromonaph- 
thalene is  refluxed with Cu!!! !n D M F ,  it is no: :?,e % , P i -  

w i th 

tic;. \\? became in:ziej!ed in determining the products dimethylamino derivative that is  produced but rather the 
obtaifiec! under 3 variety of nitrzting conditions and, in reduced product naphthalene 121. I t  is apparent !ha? two 
cDrtic:j!zr, r -  a::cz-,?!i3~ :a prepat? J . ~ ' . 5 . 5 ' - ! c t r ~ n ; t r o - l . l ' -  different mechanlsms are operating but insufficlent data 
bins?h:nyi (Compound 3 ) .  Since this coukl b* conver!ed are available to postulate a mechanism for e,;ner reac- 
to a !etrmmino compound capable of forming ladder tion. The use of other solvents such as dimethylsulfoxide, 
polymers w!:h the appropriate acids or anhydrides (3 ) .  dimethylacetamide. and N-methylpyrrolidtn-2-one, re- 
A!:nough Lnsymmetrical !etranitrooinaphthyl compounds sulted in the production of 7 .€i-dinitronaphthalene (Com- 
have 5 2 2 ~ .  prepared by the l l l iman reaction with dinitro- pound 10) suggesting that acidic a-hydrogens are re- 
ha!onaph:ns:er!es (771, Compound 3 has not been pre- quired for this reduction although the reac ion  in DMF is 
viodsly re7,or:ed. anomalous. Similar replacement results were obtained 

To prepare the necessary dinitronaphthalene derivative 
for Uliman coupling. l -bromo-5-ni t ror ,~pnthalene (Com- 
pound 4 )  was ni:ra:ed under vigorous conditions and 
yielded :bvo producrs. Liquid chroma:ograpnic separation 
3nc analysis shcwad t h e  mixture to be 80% of the de- 
si r e d l - b r s m o- 4.5 - d , r, i t r  o n a p h : 17 a l P n e (Compo u n d 5 ) a n d 
surpris.ng!y. 1 . 5 - d ~ n i t r o n ~ p ~ r i - i a ~ e n e  (Compound 6 ) .  On!y 
one orher unusual d!spiacement of This type has been re- 
por!ed (12). The nmr of compound 5 indicated that the 
shiek!ina effect of Ice bromine and the nitro group are 
essentialiy equal since prc!ons 2 and 3 had the same 
chemical shifts ana appoared as a single 2H peak at d 
6.2.  Alternative!y, ni:rz:ion of 1-bromo-&nitronaphthalene 
(Compound 7 )  produced the desired Compound 5 in high 
yields ((31 wi:h no noticeaSle re; j !scexent side products 
a.?d the i: a=< rimr of Conipouria 5 produced by the two 
memods were identicsi. 

Rogavik et ai. reported !hat when 1.8-dinitronaph- 
thnlene was hea!ed with phthalic s n r i y d r i d e  in acetic 



pound  1 l), 1 -bromonaphthalcnc (Compoufid 12 ) ,  nitro- 
n8um tetrrifluoroborate. pallndlurn on calcium carDonate, 
and palladium DIJCK. Baker fkx  sllica gel 1B was uced for 
the tic work, and deuterated solvents were suppiled by 
Slohlcr Isotopes. 

The activated copper powder was prepared as de- 
J c I I , " ~ "  by \,,.--! v u y r ; ,  1 ) .  -+,- - u l ~ ~ ~ l , ~ - i . i ' - u i r i ~ ~ r , i ~ y i  was 
syn:hesized f rom 1.1-binaphthyl and l-iOdo-4-n,:ronaph- 
thalene (79) and 1,5-dinitrophthalene was prepared 
according lo the method of Friedlander (8) .  

4,4' ,5,5'-TetraniIro- 7 , 1  ' -binaphfhyl (Compound 3). 
Method A.  To a slurry of Compound 1 (10.0 grams) in 
s:ncial acetic acid (50 mi )  and sulfuric acid (50 rrl) were 
added 30 rnl of 90% nitric acid ( s p  5r l .5 j  in smz'! ?or- a 

tions with vigorous stirring keeping the te7i;ie:ature 
below 30°C. When addition was corr.ple:e. !i;e reict lon 
was refluxed for 24 hr and then cocled to G'C. The pre- 
cipitata was coilected, and two recrystaliizations from 
glacial acetic acid gave 9.0 grams (53%) of Com2ound 3 
as light cream-colored needles, mp 320-330°C dec; ir 
jriujoi) i s 3 5  cm-!  (i<G2j; mass specxum m / e  434 (mo- 
lecular ion); nrnr (DMSO46)  6 7.6-8.1 (6H multiple:, ar- 
omatic), and 6 8.3-8.7 (4H multiple:. aromatic). 

Ana!. Calcd CioH;oN408: C, 55.37; H, 2.32; X ,  i2.90. 
Found: C. 55.17; H, 2.32; N. 12.74. 

Method B. Two grams of Compound 2 were refluxed 
for 23 hr in a solution of acetic acid (50 ml ) .  su!fLric acid 
(10 ml). and 90% nitric acid (25 mi ) .  The reaction mix- 
ture was cooled and 1.8 grams (500/ , )  of Com;;otind 3 
were collected and recrystallized f rom acetic acid. The ir 
and nrnr spectra of this compound were iden!ical to 
those of the material prepared by direct nitration of Com- 
pound 1. 

Method C. Five grams of Compound 1 were added with 
rapid stirring lo N 0 2 B F 4  (5.0 grams) in freshly dls!i!led 
tetrahydrothiophene-1.1-dioxide (50 ml ) .  The reaction 
mixture was heated to 80°C for 1 hr. poured in!o water 
(50 ml), the precipitate collected and recrysta1i:zed from 
acetic acid to yield 3.9 g.rams'(45%) of product, which 
had the same ir and nmr spectra as that prejared by 
Method A.  

Method D. A suspension of Compound 1 (2.0 grams) 
in acetic anhydride (10 mi )  was added s l o w ( y  :o a solu- 
tion of acetyl nitrate ( 4 )  in acetic anhydride at -20°C. 
After 10 min of stirring, the 1empeia:ure was raised to 
2C"C and maintairied for 10 min. Finaily, the temFera!ure 
was raised to 80°C for 2 hr during which time dark brown 
filrnes were evolved. The reaction mix:ure b a s  ccsled, 
2dded !o water (200 ml) ,  and t h e  preciyhl!)!e f,,:z-eC and 
recrystallized from acetic acid to yieid 1.8 Grarr,s (5G%) 
of Com2ound 3. Ir and nmr spec:ra show??. :h,s com- 
pound to be ider.:ical to that preparec 3 y  h:e:P\od A .  

1 -Elromo-5-tiifronaphfh3iene (Compound 4) .  Gv?r a 
5-nr pefiGd. bromine (85 gran!s) was added Io 3 rzpidly 
:!irred me:t of 1-nitronaphthalene (2;) (175 S r j r s )  a! 
iG"C.  VJhen a11 of :he bromine had been adz?$.  :?e !em- 
perature was raisi'a to 1CG'C and s:>rrlng w2.s cci: ,nued 
ior 2 hr to expel excess brornine irn3 HSr. The reaction 
2:o lact  was rec:ystal!ized from e:nanol to 
sr:!v-,s (&' jY2)  of Co~?.?*:-lr.fl 4 ~ ~ ~ r ~ e - y e ' : ~  
rnp 122.0-123.O"C [lit. ( 2 O j  m p  123'C] ir jnu]Gl 1535. 
.- 1330 - c m - '  ( K O 2 ) ;  nmr (CDC13) 6 7.3-8.5 (mul!8?izt, aro- 
n: I; ! I c ) 

,. ,! * -r , u  ,~ ;;;;;y sf f- ku , , ,+" ; ,g  -... > -  4 ,:5; ;;"i7>! ,:, 1 5 " "  ;r,l 

1 0 . 1  . . I  7. -'. . - - - .L - - *  

1-~rorno-3.5-dinifronnph!h'~/enc (Csmpound 5). f.!?:f?- 
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Ann/. Calcd CI>Hi,N>Os: C. 55 .17;  H. 4.24; N. 16.08. 
Fouritl: C.  55 .07 ;  H ,  4.76; N. 1G. 12. 

1.8-Dinilronnphlhnlono (Compound 10). Ten grams o! 
(Compound 5 )  and activalcd copper (10 grams) Were 
iCaC,ieu in 5 M A G  (50 ml) at faflux for 43 hr. The reaction 
mixluro was then filtered to remove the unreacted copper 
and the filtrate added l o  water to precipitate the product. 
After recryslallizing from methanol. 6.6 grams (84o/) of 
Compound 1 0 ,  woro obtafnod as light tan crystals: mp 
170.0-171.5"C [lit. (8) mp 172"Cl;  ir (nujol) 1350. 1520 
c m - '  (N02); nmr (CDC13) h 7.7-7.9 (2H doublet, aro- 
malic) and (\ 8.2-8 .4  ( 4 H  multiplot. aromatic). 

A m / .  Cnlcd Ct0H6N2O4:  C ,  55.05; H. 2.77; N. 12.85. 
Found: C. 55.00; H .  2.78; N, 12.88 .  

Ths above compound was also obtained in good yields 
when N - m e  t h y I p y f r oi ia i n -2 -on@ 0 r diet h y I f o r m a m i c! e we re 
substituted for DMAC. 

3.3 - Si[ 72H-bcnr[4.5]isoindo/o[2.f -ajpcrimidh- 12-one] 
(Coisipound i 4 j .  Pnlhalic anhydride (1 5 grams), pow- 
dered Iron ( 3 . 4  grams). Compound 3 (4.3 grams) and 
acetic acld ( 5 0  ml) were refluxed 'for 4 hr and the reac- 
tion mixture !i!tered while iioi. As ihe  filtrate cooled, a 
red-brown precipitate formed. which was collected and 
recrystallized from acetic acid to yield 3.6 grams ( 6 7 % )  
of Compound 7 as dark ruby crystals: mp 380-400°C 
dec; 6 7.6-7.8 (4H multiplet. aromatic), 6 7.6-7.8 (4H 
multiplet, aromatic), and 6 8.3-8 .5  (4H multiplet, aromat- 
ic). 

Anal. Calcd C36H1~N402: C. 80.29;  H. 3 .37;  N.  10.40. 
Found: C ,  80 .15 ;  H. 3.30;  N. 10 .45 .  
4,4',5,5'- Tetraamino- I ,  1 '-binaphthyl (Compound 15). 

Method A. Pulverized Compound 3 was mixed witn palla- 
dium black (0.5 gram) in absolute alcohol (25 ml) and 
hydrazine hydrate was added dropwise over a period of 5 
min, after which the reaction mixture was refluxed for 2 
hf, After cooling. 250 mi of absolute ethanol was added 
and after the catalyst was.removed by filtratbon. the vol- 
ume was then reduced to 50 ml. the precipitate filtered and 
Cried. yielding 0.5 gram (35%) of Compound 14 as a 
dark green amorphous solid: rnp 200-230°C dec; ir (KBr) 
3400, 3200 cm-' ,  broad (NH2); mass  spectrum rnle 314 
(molecular ion); nmr (DMSO-d6) 53.7-4.1 ( 3 H  broad sin- 
glet, amine) and 6 8.3-8 .7  (10H multiplet. aromatic). 

Anal. Calcd C ~ ~ H I B N ~ :  C. 76.41; H. 5.77; N, 17.82. 
Found: C, 76 .22 ;  H . 6 . 1 4 ;  N .  17.50. 

Metnod B. A suspension of powdered Compound 3 in 
40 ml of 0.5m sodium hydroxide solution arid sodium bi- 
sulfite (3.0 grams) was refluxed for 75 min. After cooling, 
tne mixture was filtered and the resulting black solid was 
recrystaliized from nitrobenzene yielding 0.5 Gram ( 3 5 % )  
of Compound 1 5 ,  identilled by comparison of the ir and 
nrnr spectra of the product of fdethod A. 
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_- 
Tris (N. N-6 i n ~ ?  thy  I-2-c J rb;, nioy ierh y I j phcsp hine o xiae was 
prepared by reacticg phcsphorus pentoxide with tris(2- 
cz:Soxye:~,1!3~os;hl~~ oxide / r i  excess N , N -  
dimethyl!orrr;smide. The compound was very hygroscopic 
and could O G ! ~  !x recryst.iliized from a cold DMF-ethyl 
acetate- oe !r o i eu rn ether mix t LI re. 

Pieparatlcn of iris(N.N-dialkyl - 2 - carbamoy!ethyl)- 
phosphine ox:des have been reported in the patent liter- 
2:L;re but tns-lr phys:cal properties. yields, and general 
chzractt3ris:;cs of icentificaiion have not been described 
(5) .  Tncse compounds  were prepared by the following 
reactiori ( 3 ) :  

0 
li 

.I'4 + '3 R-S--C-('il=CH: -k ?!;OH t 4H:O -* 

The a;Ute4Grs nave prepared one of tnese compounds. 
t : 1 s ( ! J ,  N - d : ,K? e: rl y i - 2 - c a r b a m o y ! i :h y I ) p h o s p h i ne ox id e in 
quan:i:aiwi- y:e:d DY !ne Scn;ndlSauer reaction. as shown 
by the io;;ov,,?; ec;ira:.on ( 6 ) :  

0 

petroleum ether until a dark brown oil separated. The 
clear solution was decanted from the impure dark oil and 
evaporated to give light yellow crystals. Recrystallization 
was achrevea by aissoiving t h e  yellow crys'-' .ais in a mini- 
m u m  amount of N,N-dimethylformamide and adding a 
2: 1 by volume mixture of petroleum ether-etnyl acetate. 
The cloudy solution was refrigerated. The white needles 
were isolared the next day by filtering the solu!ion ur,der 
an argon atmosphere. 

A n  ir spectrum of a chloroform solution of the com- 
pound showed the carbonyl absorption band at 5.93 
(Vs) and the P==O absorption band at 8.6 p (m). The 
proton nmr spectrum (Varian A-60k spectrome:er) of a 
deuteriochloroform solution at EO MHz showed a multi- 
plet centered at d 2.5 and two singlets, one at 6 3.03, the 
other at d 3.13. The ratio of the multiplet to tne methyl 
groups singlets was 3 : 2 .  The chemical shift oe:ween the 
methyl groups was due to their ciifferent environments in 
the planar structure (7, 2) .  

Experimental 

T r i s ( N ,  N-dimethyl-2-carbamoylefhyl)phosphine oxide 
( I ) .  ( 8.6 gra rn s, 
0.0323 mole) ( 4 )  was refluxed with phosphorus pen:oxide 
(7.2 grams, 0.05 moie) in 125 ml  of N.N-dimeihyi:orr??i- 
mide for 15 hr under a well-ventilated hood. The resul!inS 
soiution was cooied and the N,N-aime:hyiformamice 
(DMF-petroleum ether-ethyl acetate). Anal: Ca!cd for 
vacuum lo give an oil which slowly crystallized. These 
dark crystals were dissolved in ethanol and enoLGh pe- 

ciear solution. after decanta!ion and evaporation under 
vacuum, yielded 8.5 grams ( 7 6 O h ) .  Mp 100-102°C 
[ DM F-petroleum e!her-ethyl ace!ate). Anal. Calcd for 
C15ti3004N3P: C. 51.85; H. 8.70; N. 12.09: P. 8.91. 
Found: C. 51.61; H. 8.81; N. 11.89; P. 8.84. 
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